A recent estimate suggests that the Scottish wildcat may be critically endangered. Nevertheless, there is still no uncontroversial method for diagnosing the Scottish wildcat. We analysed morphological differences between wild-living cats in Scotland on the basis of 20 pelage characters, scoring from 1 (domestic cat) to 3 (wildcat), in combination with 40 skull parameters and intestinal length. A cluster analysis, based on Principal Components derived from the scores for pelage characters, showed that the wild-living cats fell into three main groups without any a priori classification. Each group corresponds well to the traditional characteristics of wildcats, hybrids and domestic cats, respectively, and the former two each show higher levels of morphological homogeneity compared with the third group. The three groups are most significantly differentiated by seven pelage characters: (1) extent of dorsal stripe, (2) shape of tail tip, (3) distinctness of tail bands, (4) presence/absence of broken stripes and (5) spots, on flanks and hindquarters, (6) shape and number of stripes on nape and (7) on the shoulders. Most Group-1 cats (75.6%, n = 74), but none of the other two groups, score more than 2 for all seven characters. All Group-3 cats (n = 35) and some Group-2 cats (19.2%, n = 26), but no Group-1 cats, scored 1 for one or more of the seven characters. We propose that Group-1, which is the furthest from the domestic cat in all criteria, should be used to define the Scottish wildcat. However, in practice, if a wild-living cat does not score 1 for any of the seven characters it should be treated as a wildcat in the field. These definitions provide a simple way of diagnosing a Scottish wildcat scientifically, as well as practically, which will effectively facilitate conservation action and the enforcement of protective legislation.
INTRODUCTION
The Scottish wildcat (Felis silvestris grampia Miller, 1907) is the only surviving indigenous wild felid in Britain. It is endangered and in the UK has full legal protection under Schedule 5 of the Wildlife and Countryside Act, 1981 Act, (as amended in 1988 , which is also required by the EU under Annex IV of the European Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora (Kitchener, 1998; Beaumont et al., 2001) . Nevertheless, there has been considerable controversy in recent years concerning practical conservation of the Scottish wildcat, including enforcing protective legislation, largely due to whether it is possible reliably (and practically) to identify wildcats owing to extensive introgressive hybridisation with the domestic cat (Felis catus L., 1758: Nowell & Jackson, 1 All correspondence to: Andrew C. Kitchener. National Museums of Scotland, Chambers Street, Edinburgh, EH1 1JF, UK. Tel: 0131-247-4240; Fax: 0131-220-4819; E-mail: a.kitchener@nms.ac.uk 1996; Kitchener, 1998) . Meanwhile, it has been estimated that the current population of Scottish wildcats that is considered to be uninfluenced, or least influenced by introgression, could be as low as 400 individuals (Yamaguchi et al., 2004b) . Based on this estimate, it is clear that the Scottish wildcat is critically endangered and that conservation action is required to restore it to viable population levels. Notwithstanding the considerable problems that need to be addressed in how to manage the conservation of the wildcat actively (Macdonald et al., 2004; Yamaguchi et al., 2004a) , there is an urgent need for a reliable and practical diagnosis for the Scottish wildcat for both legal protection and conservation action.
Since hybridisation with the ubiquitous domestic cat is believed to have been occurring not only in Scotland but also worldwide for more than 200 years and, possibly, up to a few thousand years (Bewick, 1807; Hamilton, 1896; Roberts, 1951; Smithers, 1983; Harrison & Bates, 1991; Hubbard et al., 1992; Nowell & Jackson, 1996; Daniels et al., 2001) , studies have been carried out to try to distinguish 'pure' wildcats from feral domestic cats and their hybrids on the basis of various morphological characteristics including, for example, a shorter intestinal length (Schauenberg, 1977) , a cranial index of less than 2.75 (Schauenberg, 1969) , an index of purity based on scores for body and tail measurements and pelage characters (Suminski, 1962) and skull characters and measurements (Kratochvíl, 1973; French, Corbett & Easterbee, 1988) . However, none of these characters can be examined in live animals and, hence, although undoubtedly important, they may have only limited application for identification in the field. Furthermore, since Scottish wildcats have been potentially sympatric with domestic cats since the Iron Age (up to ca. 3000 years ago; see Smith et al., 1994) , there is the possibility that most, if not all, of the remaining population has been affected by introgression with domestic cats Kitchener, 1998) . Therefore, attempting to develop a diagnosis for the Scottish wildcat by assuming the existence of 'pure' wildcats may be neither scientific nor practical without defining it properly Kitchener, 1998; Beaumont et al., 2001 ). Refining such a diagnosis is hampered by the absence of specimens from a pre-hybridisation Scottish wildcat population, although a comparison of specimens from a long time series (100 + years), or with those of other European populations which show different degrees of introgression, does provide ways of elucidating the key pelage characters that distinguish wildcats from domestic cats and their hybrids.
Based on morphological and genetic characteristics, without assuming the existence of 'pure' wildcats a priori, there seems to be two or more groups of wild-living cats in Scotland, which appear to form a morphological cline from the domestic cat at one end to wild-living cats at the other, which have many, if not all, of the characteristics traditionally associated with the wildcat, including a robust skull, low cranial index (i.e. greater cranial capacity) and short intestinal length Kitchener, 1998; Beaumont et al., 2001; Reig, Daniels & Macdonald, 2001; Yamaguchi et al., 2004a) . Therefore, defining the Scottish wildcat based on the characteristics of the group of wild-living cats furthest from the domestic cat may be the best available option for the long-term conservation of the population Kitchener, 1998; Reig et al., 2001) . The group furthest (morphologically and genetically) from the domestic cat appears to be characterised by the possession of the traditional pelage characters of the Scottish wildcat Daniels et al., 2001; Macdonald et al., 2004; Yamaguchi et al., 2004b) , suggesting the importance and usefulness of the pelage for conservation of the Scottish wildcat. However, there is still a need for a definition that has been scientifically tested, is practical in application and harmless when applied to live animals, in order to provide a reliable pelage-based identification for the Scottish wildcat in the field.
In this paper we investigate the correlations between pelage, skull and intestinal characters from the same individuals of a museum sample of wild-living cats from Scotland, which forms a time series of more than 100 years, in order to develop and test a reliable definition of the Scottish wildcat. On the basis of these results, we will propose a diagnosis for the Scottish wildcat based on pelage characters that can be used non-invasively in the field to assist conservation action, but which will also provide a reliable method for identification in order to help enforce protective legislation for this criticallyendangered species.
MATERIALS AND METHODS

Specimens
The morphological investigation used 135 specimens of presumed wild-living cats from Scotland in the collections of the National Museums of Scotland, Edinburgh and the Natural History Museum, London. Most of these specimens (115) have predominantly striped-tabby coat patterns, 20 have sworl (i.e. blotched tabby) patterns and none possessed the 'typical' coat colour mutations seen in the domestic cat, such as ginger, white or tortoiseshell, except as a minor component of the overall pelage. Specimens were nominally classified either as being 'wildcat' (n = 86), 'hybrid' (n = 24) or 'domestic cat' (n = 25) based on their existing museum labels. These labels have been written over a 100-year period and it is impossible to know exactly on what basis the identifications were made, although they were probably determined using traditional wildcat and domestic cat pelage characteristics, but possibly without knowledge of the potential existence of widespread hybrids (e.g. Pocock, 1951; Smithers, 1983; Kitchener, 1998) .
Recording morphological characteristics
All the scorings and measurements for pelage and skull were carried out by J. M. W. to eliminate errors between individual recorders. Intestinal measurements were carried out by Phil Howard. Twenty pelage characters were scored (1-3: Table 1 & Fig. 1 ) for each skin, based on characters suggested by previous authors as being useful for distinguishing wildcats from domestic cats (Pocock, 1951; Corbett, 1979; Easterbee, 1991; Kitchener, 1995) . Character states were scored as either 1, 2 or 3 according to the range of morphological variation in a specific character. It should not be considered that we were defining the wildcat a priori using these 20 pelage characters -we did not know if they were actually able to discriminate any pelage-based groups among the wild-living cats in Scotland. However, for the sake of convenience, character states traditionally associated with domestic cats were each given a score of 1, those associated with wildcats scored 3 and intermediate states scored 2. Occasionally, specimens were given decimal scores (e.g. 1.5 or 2.5) and those scores were reclassified as 2 to avoid assigning any doubtful specimen to either end of the cline, unless clearly stated otherwise. A Total Pelage Score (TPS) was calculated for each pelt by summing the scores for each character. Intestinal length was measured from the pyloric to anal sphincters by hanging the empty intestines from one end. The intestinal index (Schauenberg, 1977) was calculated by dividing intestinal length by head and body length, which was measured as a straight line between the tip of the nose and the base of the tail. For adult and subadult skulls, when available, five skull characters were scored in a similar way to pelage characters, following Yamaguchi et al. (2004a,b) , to give a total skull score (TSS) for each skull. Cranial capacity, 37 skull measurements and five parameters derived from these were also recorded for each skull (Yamaguchi et al., 2004a,b) .
Statistical analyses
All statistical analyses were carried out using the Statistica statistics package (Statsoft, Tulsa, USA). A Principal Components Analysis (PCA) was carried out based on the pelage characters, excluding three categorical characters (Table 1) , using all cats together mainly to reduce the number of variables for the subsequent analyses by replacing them with the extracted Principal Components whose eigenvalues were greater than 1 (Tabachnick & Fidell, 2001) . A cluster analysis was carried out using the standardised Principal Components (PCs) and summarised using UPGMA trees for each sex to investigate whether any grouping patterns exist within the Scottish wild-living cat population without any a priori classification. In any situation where there is introgressive hybridisation between two parent taxa, we might expect the wild-living cat population to include wildcats, domestic cats and various hybrids between them. Based on this theoretical assumption, we tried to interpret any clustering patterns in terms of the three main groups ('wildcats', 'domestic cats' and 'hybrids') unless such an interpretation would have been obviously impossible. Furthermore, in order to develop a practical method for classifying Scottish wild-living cats as either 'wildcats', 'hybrids' or 'domestic cats', for each variable statistically significant differences between the three groups (as identified by cluster analyses) were detected using Kruskal-Wallis tests or ANOVAs and between any two categories using Mann-Whitney U-tests or ANOVAs.
RESULTS
A PCA based on 17 pelage characters resulted in three PCs whose eigenvalues were greater than 1 (Table 2) . A cluster analysis, based on these PCs, which were standardised for each sex, revealed that male wild-living cats in Scotland appeared to form six clusters and females formed four clusters without any a priori classification (Fig. 2) . One group (cluster-1 for both sexes in Fig. 2 ) consisted almost exclusively of nominal 'wildcats'. Most cats belonging to cluster-2 for each sex were nominal 'wildcats' and 'hybrids', while those belonging to cluster-3 for each sex were 'hybrids' and 'domestic cats'. The rest of the tree (clusters-4, -5 & -6 for males and cluster-4 for females) contained almost exclusively 'domestic cats' (Fig. 2) . On the basis of these clustering patterns, we categorised these wild-living cats into three groups: Group-1 (i.e. cluster-1 in Fig. 2 ), Group-2 (cluster-2) and Group-3 (the rest). These three groups were clearly separated on the basis of PCA and Group-1 and -2 cats (especially Group-1) showed greater homogeneity than did Group-3 cats based on the extracted PCs (Fig. 3 ).
There was a significant difference in TPS based on the 20 pelage characters between the three groups of wildliving cats (d.f. = 2, H = 105.79, P < 0.0001: Fig. 4 ). Group-3 cats seemed to have two separate peaks in the total pelage score (Fig. 4) , indicating that this might not be as coherent a group as the other two. Where data are available, it is clear that most cluster-3 cats have a cranial index of less than 2.75 (as do Groups-1 & -2), whereas all cluster-4 (also cluster-5 and cluster-6 for males) cats have a cranial index of greater than 2.75 ( Fig. 5 ). Group-3 cats might consist of two subgroups: hybrids close to domestic cats and domestic cats. Thus, there are probably four groups in total: Group-1 includes wildcats, Group-2 is hybrids close to wildcats, New Group-3 is hybrids close to domestic cats and New Group-4 is domestic cats. Given that we are concerned only with distinguishing Group 1 (and possibly Group 2) cats from the rest, it is not necessary to distinguish between these two new Groups, which might result in unviable sample sizes. Also, notice that the overall level of branching based on Euclidean distances was less for females compared with that for the males, largely due to two males from cluster-6 (Fig. 2) , which had white patches on their backs and were two of only three males with white on their flanks. This character was very rare in the sample and has influenced the level of branching concerning those individuals. No females had white patches on either back or flank ( Fig. 1 and see Appendix 2). Therefore, it is likely that clusters 5 and 6 are artefacts of the inclusion of these three individual males in the sample.
Seven pelage characters showed the most highly significant differences between the three groups of wild-living cats for both sexes, i.e. extent of the dorsal line (character 7 in Table 1 & Fig. 1 ), shape of tail tip (character 8), distinctness of tail bands (character 10), broken stripes on flanks and hindquarters (character 15), spots on flanks and hindquarters (character 17), stripes on nape (character 18) and stripes on shoulder (character 19) (see Appendix 2). Only Group-1 cats (56 out of 74) had a score of greater than 2 for all these seven characters. Also, all Group-3 cats (35 out of 35) and some Group-2 cats (5 out of 26) had a score of 1 for any of these seven key characters. However, in terms of exclusion power, each of white on chin (character 1), stripes on cheek (character 2), dark spots on underside (character 3), white on flank (character 5), white on back (character 6), colour of tail tip (character 9), stripes on hind leg (character 12) and colour of the back of ear (character 20) were also useful in placing a cat into Group-3 (see Appendix 1).
Taking a closer look at the seven key pelage characters, we can see that some are more prone to change in Group-2 and Group-3 cats than in Group-1 cats (Fig. 6 ). For Trees were constructed using an UPGMA method from a similarity matrix of Euclidean distance based on the three principal components (PCs) for each pair of specimens. The PCs were standardised for males and females for the analyses. Cats were nominally classified as 'wild' (W), 'hybrid' (H) or 'domestic' (D) based on museum labels.
Group-1 cats some of the pelage characters always scored 3 (stripes on nape and stripes on shoulder), whereas others had a few intermediate-scoring characters (23% or less). For each sex the three groups of wild-living cats showed statistically significant differences in TSSs, concerning shape of nasals, shape of parietal suture and development of the angular process of the mandible (see Appendix 2). However, there was no statistically significant difference in these variables between Group-1 and Group-2 cats for both sexes (Mann-Whitney U-tests: P > 0.05). For skull measurements, width of brain case, postorbital constriction, distance between infraorbital foramina, cranial volume and cranial index showed statistically significant differences between the three -1 female  Group-2 male  Group-2 female Group-3 male Group-3 female Fig. 3 . A plot of the first two principal components for each of the free-ranging cats. PC1 accounted for 60.6% and PC2 for 10.4% of the variance based on the 17 pelage characters. The sample sizes are 40 (Group-1), 15 (Group-2) and 21 (Group-3) for males and 34 (Group-1), 10 (Group-2) and 14 (Group-3) for females.
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Total pelage score groups for each sex (see Appendix 3). Again, there was no statistically significant difference in any of these five variables between Group-1 and Group-2 cats for both sexes (ANOVA: P > 0.05). Also, there was a significant difference (d.f. = 2, F = 9.56, P = 0.001) in the gut index between these three groups (Fig. 7) .
DISCUSSION
Concordance of characters
The results of the PCA and cluster analyses demonstrate that the nominal classification on museum labels appears to be well reflected in the clustering pattern derived from the three PCs based on 17 pelage characters. Of the three re-classified groups, Group-1 and -2 cats, especially the former, possess the morphological characteristics traditionally considered to be those of the Scottish wildcat (Pocock, 1951; Kitchener, 1998) . Compared to Group-3 cats, these two groups, especially Group-1, have more homogeneous pelage characteristics, indicating that distinguishing these two groups from the rest of the wild-living cats in Scotland is relatively straightforward using these pelage characters. Given that these characters distinguish Group-1 cats collected over more than 100 years, during which levels of introgression may have varied, we can be more confident that these are probably diagnostic for the Scottish wildcat. The results show that there are good correlations between pelage characters and some non-pelage characters. The most obvious differences in non-pelage characters between the groups include cranial capacity, broadness of the skull, features related to the morphology of the parietal suture and mandible and length of intestine, but also TSS. Considering the smaller sample sizes for both skull and intestinal characters, these statistically significant differences, which are consistent in both sexes, may be regarded as strongly discriminating between the groups. However, based on these non-pelage characters, Group-1 and Group-2 cats do not appear to be distinguishable from each other. These two groups, in comparison to Group-3, possess both skull and intestinal characters associated with the group of wild-living cats most distant from the domestic-cat morphological group reported by previous studies on the bases of skull and intestinal characters (French et al., 1988; Daniels et al., 1998; Reig et al., 2001) . Therefore, as suggested by previous studies (e.g. Daniels et al., 1998 Daniels et al., , 2001 Beaumont et al., 2001) , firstly the pelage-based groups do not perfectly match with groups based on other characteristics (and vice versa), secondly the pelage-based groups divide the non-domestic group of wild-living cats, as identified by other characters, further into smaller groups and thirdly the wild-living cats furthest from the domestic cat, based on pelage, qualify as the furthest from the domestic cat based on any other characteristics so far tested. The apparent disparity between independent character sets may be explained in some individuals by the disruption of character concordance in F1 and F2 hybrids, where wild-type characters may mask some domestic cat characters. For example, Pitt (1921) found that F1 hybrids between a male polecat, Mustela putorius, and a female albino ferret, M. furo, had the typical dark pelage of polecats, but the typical skull morphology of ferrets. Backcrosses to either parent and F2 hybrids produced greater morphological variation. Therefore, individual cats with apparently disparate morphologies may represent F1 or similar progeny rather than being the result of prolonged introgression where parental characters may be melded to form a continuum.
There is no single pelage character that can distinguish any of the three groups clearly, but that is not unusual amongst closely related taxa and especially where a hybrid population exists. The domestic cats in this study were deliberately restricted to those with predominantly tabby markings as these would provide the greatest possibility of confusion with wildcats and their resultant hybrids. Most domestic cat colour mutants are readily distinguishable whilst distinguishing black hybrids (Kellas cats: Kitchener & Easterbee, 1992 ) from black domestics may be difficult in the field. Nevertheless, as far as the examined specimens are concerned, extent of dorsal line and shape of tail tip seem to be useful for separating Group-1 and Group-3 cats fairly accurately -this means that the tail tip can be used to distinguish a possible black Group-1 cat from a possible black Group-3 cat. Similarly, although to a lesser extent, distinctness of tail bands, stripes on nape and stripes on shoulder are useful for separating Group-1 and -2 cats from Group-3 cats. Also, a score of 1 for the following characters is recorded only in Group-3 cats, although this does not, alone, effectively discriminate any of the three groups: white on chin, stripes on cheek, dark spots on underside, white on flank, white on back, colour of tail tip, stripes on hind leg and colour of the back of the ear. Therefore, these characters may be useful in classifying a cat into Group-3. Most importantly, extent of the dorsal line and a combination of broken stripes and spots on the flanks and hindquarters, appear to be most useful in separating Group-1 from Group-2 cats.
Definition and diagnosis of the Scottish wildcat
Previous studies have highlighted how difficult it is to reach a scientifically defendable definition of the Scottish wildcat amongst the wild-living cats in Scotland (summarised in Macdonald et al., 2004) . However, the results suggest that on the basis of the variation in the total scores for the seven key pelage characters (7PS), it becomes possible to define the wildcat more or less precisely, assuming Group-1 cats are those cats with little or no recent domestic-cat ancestry. The skin of the holotype of Felis grampia has a TPS of 60 and a 7PS of 21 (its skull has a TSS of 15), placing it firmly in Group 1 and confirming a strong positive association between this group and the classical phenotype of the Scottish wildcat. All but two Group-1 cats (97.3%) have a 7PS of 19 or greater. But there may be a morphological overlap in 7PSs if intermediate scores of 2 represent natural variation for some characters in the wildcat population. For example, the broken stripes on flanks and hindquarters had a relatively higher incidence (23%) in Group-1 cats, but in contrast to Group-2 and Group-3 cats, all Group-1 cats scored > 2 for spots on flanks and hindquarters. A possible consequence of a high degree of broken stripes is that they may fragment into distinct spots, which is what we see only in Group-2 and Group-3 cats (only 12% of Group-2 cats and 14% of Group-3 cats did not show this). However, the lower degree of broken stripes in Group-1 cats in the absence of spotting may actually represent the normal phenotypic variation in the Scottish wildcat rather than being attributable to introgression, and if this character is excluded, 86.5% of Group-1 cats have a score of > 2 for all of the remaining six characters.
Based on the results we propose that any cat that has a 7PS score of 19 or more for the seven key pelage characters with no scores of 1 should be regarded as a wildcat, unless other data conflict with this. However, while this definition is clear and unequivocal for legal purposes, it may not be workable in the field and may exclude many cats that have a high proportion of wildcat characters (both morphological and genetic) that may usefully contribute to the restoration of the wildcat (Macdonald et al., 2004) . If we include all cats that do not score 1 for any of the seven key pelage characters, this provides a relaxed definition for practical use in field identification. In other words any cat with a distinctly striped tabby coat pattern and a thick ringed tail with a black blunt tip (which never occurs in Group-3 cats: see Appendix 1) is effectively a wildcat and would include many of the cats that on closer inspection might fall in to Group-2, but which may contribute effectively to the 'wildcat' population. It may be necessary to confirm the preliminary identification by assessing the eight additional pelage characters (white on chin, stripes on cheek, dark spots on underside, white on flank, white on back, colour of tail tip, stripes on hind leg and colour of the back of the ear). A wildcat should not have a score of 1 for any of these characters. Needless to say, it is important to continue to improve our understanding of the morphology and genetics of the wildcat for a better diagnosis and to continue to monitor the contemporary population for evidence of greater or lesser concordance of independent character sets as evidence of changing degrees of introgression. However, as a first step, the 7PS would provide a relatively effective and easy-to-use diagnosis for the Scottish wildcat based on a non-invasive inspection of pelage characters.
Implications for conservation
The occurrences of some morphological characteristics (e.g. colour variation) found in wild-living cat populations at high frequencies are probably the result of introgressive hybridisation with the domestic cat (Yamaguchi et al., 2004b) . However, at the individual level, possessing such characteristics may not necessarily be straightforward proof that the animal is a domestic cat -such characteristics may have always been present in wildcat populations although possibly in lower (or higher) frequencies compared to the current level. However, in Slovakia in a population considered to show very low levels of introgression with domestic cats, colour mutants represented only 1.2% of a sample of more than 300 wildcats (Sladek, 1976) . Therefore, lack of protection for this very small proportion of the total population is probably acceptable if legal protection and conservation action can be made to be effective by using an accepted diagnosis for identification.
We suggest that it is necessary to tackle the conservation of the Scottish wildcat at the population level. Alarmingly, in this context, based on a sample collected from all over Scotland in the 1990s, only ca. 12% out of 187 wild-living cats possessed the classical wildcat pelage characteristics (= Group-1 cats) and as many as ca. 50% possessed the pelage characteristics similar to those of Group-3 cats, as identified by A. C. K. (Daniels et al., 1998) . Harris et al. (1995) estimated that in the 1990s the population of Scottish wildcats was 3500. However, this figure should be interpreted such that the total population of wildcat is at a maximum of ca. 1800 (based on the relaxed definition), but it could be as low as 400, if based on the stricter definition, suggesting that the Scottish wildcat is critically endangered and needs immediate conservation attention. The most serious possible problem is that the other 1700 (or possibly 3100) wild-living cats, which show characteristics closer to the domestic cat and which are sympatric with these wildcats, are likely to continue hybridising with them under total legal protection. This concern is speculative at this stage as we have almost no knowledge of the process of introgression, its dynamics and the environmental and behavioural factors that may influence it. Therefore, further research, especially in genetics, is required urgently. However, we believe it is advisable to follow the precautionary principle to aid the conservation of the wildcat. As a fall-back position, a captive-breeding programme is being established under the auspices of the British and Irish Association of Zoos and Aquaria in order to establish a self-sustaining captive population of Group-1 wildcats, which could be used for future reintroductions or to reinforce existing populations; it would also allow researchers to study the morphology and genetics of the Scottish wildcat in relation to introgressive hybridisation by known and controlled matings with domestic cats and hybrids of known ancestry, morphology and genetics. However, in the first instance this may require some wildcats to be taken from the wild to establish a morphologically consistent population.
For existing wild populations, first of all, a non-invasive and continuing survey needs to be conducted to monitor the frequencies of occurrence of the wildcat, based on both the strict and relaxed diagnoses, in the Scottish wildliving cat population -our results suggest that practical identification would be feasible in the field based on some of the seven (and additional eight) key pelage characters. This would be backed up by an analysis of road kills from areas with differing levels of domestic cat populations, thereby affecting the expected proportions of hybrids and wildcats. Then, it would be desirable to remove probable non-wildcats (at least half of the total population in the 1990s) from the wild-living cat population in Scotland, although very few of them may be colour mutations of true wildcats. However, in practical terms, it will probably be desirable to explore this on a smaller scale to test the efficacy of this approach, involving a trial monitoring and control experiment on two estates; one where cats are removed as usual using non-discriminatory methods and the other where only non-wildcats are removed from the population. This must be associated with careful monitoring to assess changes in population characteristics, both morphological and genetic. Also, neutering and vaccination of pet cats should be encouraged or enforced in areas where wildcats occur. It is probable that simple protective legislation may not be enough to ensure the long-term survival of correlated characteristics associated with wildcats in Scotland, where levels of introgression appear to be high, so that active intervention is urgently necessary if we are to retain an indigenous wildcat population. APPENDIX 1. Differences in pelage characteristics between Group-1, Group-2 and Group-3 cats classified using cluster analyses based on three principal components extracted from 17 pelage variables Statistically significant differences between three groups were detected by ANOVAs (d.f. = 2 for all tests). Only adult and subadult data were included. I.O.F, breadth between interorbital foramina; POC, postorbital constriction; IOB, interorbital breadth; AP, mandible length to angular process; CP, mandible length to coronoid process.
